the heterozygous female (Wise et al., 1962; Opitz et al., 1965) .
In males, Anderson-Fabry disease becomes manifest in childhood or early adolescence with intermittent and often excruciating pain in the fingers and toes, the characteristic skin eruption at this stage often being absent or ill-developed. Sweating and oedema may also precede the skin eruption by many years (Wallace, 1973) . The characteristic eruption consists of superficial telangiectatic, dark red, sometimes almost black macules and papules, usually up to 2 mm in diameter. These are found over the trunk and limbs, most densely clustered over the lower trunk and thighs. The eruption is seldom conspicuous before the late teens and tends to become more profuse during the third and fourth decades.
The pain occurs in 900 of males and in less than 1000 of females, attacks usually beginning between the ages of 5 and 15 years (Wallace, 1973) . The site of the pain bears no relation to the site of the rash and occurs mainly in the fingers and toes, sometimes spreading proximally. The pain has a peculiar burning character, a combination of constant heat and aching felt deep to the skin, and difficult for the patient to describe. There are also incapacitating exacerbations of a lancinating pain which may be brief or last up to three weeks. These occur especially in childhood when there is sometimes an accompanying pyrexia. Extremes of temperature, exertion, and vibration may provoke or aggravate the pain. Certain movements can cause exacerbations; a patient may suddenly stop and cry out with pain provoked by raising a spoon to his mouth. He may be very distressed during such an episode and present a bizarre picture. Affected children may be labelled neurotic and many medical opinions may be sought before the condition is correctly diagnosed. There is sometimes a strong emotional component and adults may be reduced to tears by their suffering. Not all patients experience the same degree of pain. In some cases there are periods of complete remission. Local vasodilatation may occur during an attack and less frequently, vasoconstriction. Cutaneous sensation is normal.
Small corneal opacities are found in the fully developed cases and in asymptomatic heterozygotes. These faint grey streaks or blotches may be detected at a very early age and have been reported in a boy aged 6 months (Spaeth and Frost, 1965) and in a girl aged 3 years (Colombi et al., 1967 Steward and Hitchcock (1968) . Briefly, the patient was born in 1937 and developed symptoms at the age of 7 years. A rash on the trunk and thighs was followed by the onset of severe burning pain in the hands, feet, and genitals. Episodes of severe pain occurred in association with fever. Pethidine was the only drug which alleviated his pain. In the ensuing years he developed albuminuria, anaemia, colitis, polymyositis, and suffered six cerebrovascular accidents, the first at the age of 21 years. In 1965, at the age of 28 years, he was admitted to hospital as he could no longer walk. There marking of the capsular surfaces. The cut surfaces showed a pale narrow irregular cortex with vascular markings and a very pale medulla.
The brain (1,220 g) was atrophic and extremely pale. The pons was flattened on the left anterolateral aspect. Coronal sections of the brain showed moderate ventricular dilatation. There were several small cerebral and cerebellar cortical infarcts. There was no infarct in the anterior cerebral artery territory. In the pons there was a large, partly cystic infarct in the left basis pontis which extended across the midline to involve the medial portion of the right side. The left pyramid in the medulla was shrunken and grey, resulting from the massive infarction in the pons.
CASE 2
Details of the clinical history are documented in the reports of Wise et al. (1962) and of Steward and Hitchcock (1968) . The patient was born in 1933. At the age of 9 years he first felt pain in his toes when playing football and soon the pain began to involve his fingers. A symmetrical rash on his body and limbs, densely clustered in the 'bathing trunk' area was noticed at the age of 10 years. He was free of pain for periods, but developed episodes of fever with pain in the fingers and toes. He became subject to more or less continuous pain for which he received large doses of pethidine in later years. He developed ophthalmic herpes and said that the pain was mild compared with the pain in his extremities. At the age of 29 years he had intermittent weakness of the leg; then he developed myoclonic jerking of the legs. This jerking became violent so that he fractured the neck of the right femur. The hip became infected after operation and he died three weeks later from pulmonary embolism.
The postmortem findings of Dr. J. Reed were reviewed and reported by Steward and Hitchcock (1968) . There were characteristic skin lesions and lipid deposits in smooth muscle, kidneys, connective tissue, and in the nervous system. The hypothalamus, spinal cord, dorsal root ganglia, and cauda equina were processed and examined in the course of the present study.
Chemical analysis of portions of the brains and kidneys in cases 1 and 2 was undertaken by Professor J. N. Cumings (1971) . No GENERAL HISTOLOGY (Case 1) The skin lesions showed dilated vascular channels with a thin endothelial lining in the upper dermis (Fig. 2) ; in some instances associated with atrophy of the epidermis. In almost every tissue there was marked thickening of the media of small arteries and arterioles caused by deposition of the glycolipid (Fig. 3) (Fig. 4) . Fine and coarse masses of intracytoplasmic lipid were demonstrated in the glomerular podocytes in the epon embedded, toluidine blue stained sections (Fig. 5) . There was considerable thickening of the basement membrane.
The myocardium showed swelling of the muscle fibres which had large central vacuoles. An occasional small rim of sudanophilic material was seen on the periphery of a vacuole on frozen sections but generally the vacuoles appeared empty on all frozen and paraffin-wax sections stained by all the methods mentioned. In the epon embedded, toluidine blue stained sections coarse lipid deposits were found in the vacuoles (Fig. 6 ). These were also seen on electronmicroscopy.
HISTOPATHOLOGY OF NERVOUS SYSTEM OF THREE CASES
In the leptomeninges of the brain-stem and spinal cord there were deposits of glycolipid in the media of small arteries and arterioles. This could not be found in the leptomeningeal vessels of the cerebral hemispheres. The cerebrum was similar in all cases. Intracerebral vessels were not affected. There was no storage in the cortex and there was no abnormality in the basal ganglia or thalamus. In case 1, serial sections of the thalamus showed no accumulation of lipid or other abnormality. In the brain of this patient there were areas of old infarction with dense gliosis in the cerebellar cortex. The large infarct in the basis pontis was partly cystic and partly replaced by heavy gliosis and fibrosis (Fig. 7) . The left pyramid was reduced in size and pale on sections stained for myelin: pyramidal tract degeneration secondary to the infarct in the pons.
The neurones of the supraoptic and paraventricular nuclei of the hypothalamus and those of the basolateral groups of the amygdaloid nuclei were distended by fine granules of glycolipid (Fig. 8) . Several brain-stem nuclei showed neuronal storage of the abnormal lipid-the substantia nigra pigmentosa, the pontine reticular formation, the dorsal efferent nucleus of the vagus, and the salivary nuclei. In case 2 glycolipid accumulation in cells of the mesencephalic nucleus of the 5th nerve and of the nucleus ambiguus was also seen.
Sections of the spinal cord showed similar pathology at all levels in the three cases. The neurones of the intermediolateral columns contained masses of fine granules of glycolipid and numerous cells in the anterior horns in case 3 were similarly affected. In the nerve roots an occasional clump of amorphous material with the characteristic staining properties of the glycolipid was seen in the perineurium and in the medial smooth muscle of the vasa nervorum. These vessels were otherwise normal. In the dorsal root ganglia in all cases there were large, widely distributed deposits of the stored material, in the form of fine granules which distended many of the dorsal root ganglion cells and which were also seen in interstitial macrophages. Other dorsal root ganglion cells appeared large and pale and many appeared to lack nuclei (Fig. 9) . Proliferation of satellite cells and residual nodules of Nageotte were prominent features. There was no myelin pallor in the posterior columns of the spinal cords. In case 1 there was pallor of the lateral columns, more severe on the right side (Fig. 10) . In all cases there were groups of degenerating axons with fragmentation and 'retraction balls' in the substantia gelatinosa and in the thin, mainly unmyelinated fibres of the posterior root entry zone (Fig. 11) . In cases 1 and 2 the myenteric plexuses were examined and ganglion cell storage was demonstrated. In case 3 the sympathetic ganglia of the vertebral chain were examined and did not show the neuronal storage which has been recorded by other observers (Rahman and Lindenberg, 1963) . They showed, however, gross and widely distributed telangiectases resembling the angiectatic spaces in the skin (Fig. 12) .
Sites of accumulation of glycolipid in nerve cells are indicated in the Table. DISCUSSION The distribution of the lesions in the nervous system in these three cases is similar to that (Rahman and Lindenberg, 1963; Steward and Hitchcock, 1968 Kocen and Thomas (1970) showed fine lipid droplets in the walls of the epineurial arterioles but otherwise normal vasa nervorum. These workers also demonstrated that there was a definite depletion of myelinated axons in the sural nerve without any evidence of segmental demyelination. The fibre loss appeared particularly to have affected the smaller nerve fibres. They point out that the fibre loss could be the result of axonal interruption at a higher level or due to loss of dorsal root ganglion cells. Bischoffet al. (1970) described similar findings in a sural nerve biopsy in which they observed degenerative changes in unmyelinated nerve fibres, the large myelinated fibres being unaffected. In ischaemic peripheral neuropathy secondary to occlusion of vasa nervorum, as for example in polyarteritis nodosa, the large myelinated fibres in the peripheral nerves are affected and cause the syndrome of mononeuritis multiplex. This is not found in Anderson-Fabry disease.
Pathological processes affecting the dorsal roots may give rise to irritative symptoms, but the occasional deposit of glycolipid in the perineurium of the dorsal roots is an unlikely explanation for the extensive bizarre sensory phenomena which are almost always present and which were prominent in the three cases discussed in this report. In these cases there was a very severe degeneration in many dorsal root ganglion cells and degeneration of small fibres in the dorsal root entry zone and the substantia gelatinosa of the spinal cord. It is the small mainly unmyelinated fibres which conduct pain stimuli. In all three cases the dorsal columns of the spinal cord which conduct the large myelinated fibres to the cuneate and gracile nuclei were unaffected. This selective involvement of small fibres is in accordance with the observations recorded on the sural nerve biopsies.
In the symptomatology of Anderson-Fabry disease the various clinical phenomena can be explained on the basis of the histopathological finding of glycolipid accumulation in vessels and tissues of various organs-for example, renal failure is due to extensive involvement of the kidney parenchyma and vessels. The phenomenon of pain is one feature which has not been satisfactorily explained. Pathological involvement of the dorsal root ganglion cells and the associated degenerative changes in the afferent nerve fibres in the spinal cord which subserve pain are proposed as a likely cause of the painful sensory phenomena.
